A correlation has been observed in strains of Escherichia coli between the lon phenotype and the capacity to support the growth of Dictyostelium discoideum amoebae. lon+ strains, E. coli B/r Ion sul and E. coli K I~ Ion+ strain, when used as the food source, yielded approximately four times the number of amoebae as the Ionstrains, E. coli B and E. coli K-I2 ABI899.
. We observed quantitative differences in the pattern of aggregation seen when different E. coli strains were used as the food source of the amoebae. Quantitation of such differences on the basis of the aerial density of aggregates under standard conditions proved difficult because of the step-function nature of the relationship between aggregate size and amoebae number (Hohl & Raper, 1964) . However, direct measurement of the number of amoebae yielded by a given initial number of D. discoideum spores and bacteria, after a fixed period of incubation, showed a direct correlation with the genotype of the bacterium used. Experiments will be described which attempt to determine the nature of the effect of bacterial genotype on the yield of slime-mould amoebae, and the possible relevance of such results to the genotype determined radiation resistance will be discussed.
M E T H O D S
Bacteria. The relevant genotype and source of the bacterial strains used is indicated in Table I , Cultures were maintained on slopes at 4 "C and grown overnight in Oxoid Nutrient broth when required. The bacterial concentrations of the exponentially growing cultures were estimated from their density as measured in an Eel nephelometer and dilutions made in nutrient broth.
Measurement of yield of anzoebae. Plates of Sussman's SM agar (Sussman, 1964) were inoculated with 2 x 106 spores and 5 x 10' bacteria, dried and incubated at 22OC for varying intervals before harvesting. For most experiments the incubation time chosen was 40 h, the time at which the amoebae yield was reaching a maximum prior to aggregation. The amoebae were harvested from the plates by washing off in distilled water at 4"C, and separated from bacterial cells by centrifugation at 180 g for 4 min. The pellet was resuspended in a known volume of cold water and the number of amoebaelm1 determined by haemocytometer counts (Phase x 500).
F-duction of lo& into Escherichia coli strains B and B~.~. The F-prime factor, F13, carries the chromosomal genes lac+ and lon+ (Hirota & Sneath, 1961) , thus F-duction of F13 into Escherichia coli lon strains permits the study of dominance at the lon locus.
IOFI phmot,vpe in Escherichia coli 44% Streptomycin-resistant mutants of Escherichia coli strains B leu and B8.2 were isolated after U.V. induction. Overnight log phase cultures of the mutants were mixed in the ratio of I : 10 with the F13 donor, E. coli w3747 and incubated with shaking. Mating was terminated after 10 min by vigorous shaking for 30 s and the cultures were then diluted I in 10 into nutrient broth containing 200 pg streptomycin/ml. After further incubation for 24 h at 37 "C the required conjugants which had a requirement for leucine were selected by plating on streptomycin selective medium and exposing to U.V. (100 ergs/mm2) after 2 h growth at 37OC. The colonies obtained after overnight incubation were screened for the presence of Ion+ by the technique of Walker & Pardee (1967) . Ultraviolet survival curves were performed on potential lon+/lon conjugants to check that the absence of u.v.-induced filament formation was associated with the expected sensitivity to U.V. radiation.
Because Escherichia coli BS-2 does not filament after U.V. irradiation the above technique could not be used to demonstrate the transference of F' lon-' into this strain. However, the presence of F' Ion+ in presumptive E. coli B~-~/ F ' lon+ conjugants was demonstrated by observing the increase in radiation resistance of u.v.-irradiated E. coli B when F' loizf was transferred from an E. coli B~-~/ F ' Ionf donor. Approximately 5 x 10' bacteria of Escherichia coli B were spread on to a plate of nutrient agar, several drops of the E. coli B~-~ culture, assumed to contain F' lon+, were placed at intervals across the plate, allowed to dry, and incubated for 2 h at 37OC. The plate was then exposed to u.v., 200 with drops of the suspected E. coli BJF' Ion+, and exposed to the same dose of U.V. yielded no colonies. Therefore the areas of confluent growth must have resulted from the growth of E. coli B into which F' Ion+ had been transferred. This indicated that this F' factor must have been present in the presumptive E. coli B~-~/ F ' Ion+.
R E S U L T S
Variation of amoebae yield with Ion phenotype of Escherichia coli. The rates of growth of amoebae of Dictyostelium discoideum incubated with three strains of Escherichia coli are shown in Fig. I . Too few amoebae were present at the beginning of the incubation period to allow counts to be made before the end of the first 24 h of growth. However, we have shown that the spore germination frequency, measured microscopically by determining the number of ungerminated spores per unit area of plate after 4 h of incubation, is the same for these three strains (P. A. Farnsworth, unpublished). Therefore the amoebae yield determined just prior to aggregation is a reflection of the growth rate of the amoebae over the experimental period.
The amoebae counts after 40 h of incubation at 22OC (Table 2) showed a significant difference in amoebae yield between E. coli B (Ion) and E. coli B/r (lon sul) and between two analogous K 1 2 mutants A B I 8 9 9 (Ion) and ABI 157 (/on+).
The doubling time for Escherichia coli strain B and B/r, when incubated on SM agar at 22*C, was found to be 91 +_ 3 min, thus discounting an effect of differences in bacterial growth rate on the yield of slime-mould amoebae. Because of the possibility of filament formation by E. coli B cells when incubated at 22OC, an experiment was designed to test for preferential ingestion, of either of the two strains, as an explanation of the observed differences in slime-mould amoebae yield. Mixed cultures of the two strains, one a leucine- requiring auxotroph, were plated on SM agar, with and without I O~ germinated amoebae, and incubated at 22OC, for 24 h. The bacteria were harvested by washing the plates with 0.067 M-phosphate buffer, pH 7.2, and plated at suitable dilutions on a defined solid medium lacking leucine, M19, allowing growth of the prototroph only, or a complete medium M20 (Forage & Gillies, 1964) allowing growth of the auxotroph and the prototroph. No difference in the ratio of E. coli B to E. coli B/r could be detected between bacteria incubated in the presence or absence of amoebae, indicating that there is no preferential ingestion of either strain by the Dictyostelium discoideuwt amoebae.
However, the addition of supernatant from an overnight culture of Escherichia coli B to bacteria of an overnight culture of E. coli B/r significantly reduced the yield of amoebae after 40 h of incubation (Table 3) , indicating the presence of an extracellular factor which influences the slime-mould amoebae growth rate. Since the reverse experiment using supernatant from an E. coli B/r culture and bacteria from an E. coli B culture showed little difference from the E. coli B control, it is tentatively proposed that the substance affecting the growth rate of the amoebae is an inhibitor, present in relatively greater quantity in a supernatant of an E. coli B than an E. coli B/r culture.
Interaction with other genes. The DNA repair mutations of Escherichia coli, exrA and recA have been shown to suppress lon-induced filament formation after irradiation (Donch, Green & Greenberg, 1968; Green, Greenberg & Donch, 1969) . Such mutants were used as food source for the amoebae to determine any effect on the growth rate and to look for any interaction with the Zon effect. The results, as illustrated in Fig. 2 , indicate an enhancement of the yield of amoebae when grown on Ion+ exrA or lon+ recA double mutants of E. coli K I~ strains or on the analogous E. coli B/r DNA repair mutants. On the other hand, the yield of amoebae grown with E. coli B~-~, a uvr mutant of E. coli B/r, was only about 65 of that obtained with the parent strain. The exrA mutation in the Ion exrA double mutants, such as E. coli B~-~ or E. coli ~~~9 9 4 2 , had a small but significant effect on the yield of amoebae.
Suppression of longenotype efect on the yield of slime-mould amoebae by F-duction of F' lon+. The amoebae yields obtained with Escherichia coli B or E. coli B~.~ could be modified by F-duction of the lon+ gene by conjugation with the F' Ion+ donor E. coli w3747 ( Table 4 ).
The resulting changes were more dramatic with the E. coli B~-~ mutant where the yield of amoebae was increased by approximately a factor of four, although still being only some 50% of the value obtained with the exrA mutant of E. coli B/r E. coli D B I I . A proper control for this experiment is, however, lacking due to our inability to obtain an E. coli B/r/F' lonf strain and to determine its amoebae yield capasity.
D I S C U S S I O N
Our experiments rule out differences in bacterial growth rate, spore germination frequency or preferential ingestion of bacteria, as an explanation of the observed differences in Dictyostelium discoideum amoebae growth rate. The variation in growth rate of amoebae, reflected as a difference in final amoebae yield after 40 h of incubation, is thought to be due to the release of an inhibitor of slime-mould amoebae growth by Ion strains. Since the growth curves in Fig. I are approximately parallel and there is no difference in D. discoideum spore germination frequency under our experimental conditions it must be concluded that the effect on amoebae growth occurs early in the incubation period when the bacterial number, having reached maximum stationary phase, is at a peak and therefore release of inhibitor is also comparatively high. The diphasic nature of the amoebae growth curves is attributable to the interaction between the growth rate of the amoebae and the consequent replenishment of bacterial number; the plateau in the growth rate of amoebae corresponding to a large reduction in bacterial number (P. A. Farnsworth, unpublished) .
That the release of inhibitor of slime-mould amoebae growth rate is due to the lonphenotype is confirmed by the use of the genetically marked Escherichia coli ~1 2 strains and by the observation that the F-duction of the lon+ gene into two Zon strains partially reverses the Ioneffect on the yield of slime-mould amoebae.
The effect of the DNA repair mutants on the yield of amoebae cannot be explained, but the reported interaction between exrA and recA mutations and lon-induced filament formation (Donch et al. 1968; Green et aZ. 1969 ) perhaps indicates a similar interaction between these genes in respect of capacity to support the growth of slime-mould amoebae. Hill & Feiner (1963) found marked differences in the resistance of a number of strains of Escherichia coZi to killing by the antibacterial agent crystal violet. They did not offer an explanation for these results, but when compared with our data on the growth of Dictj'ostelium discoideum amoebae there does appear to be a correlation between resistance to killing by crystal violet, capacity to support the growth of slime mould amoebae and the Zon genotype of E. coli strains.
